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FIBRINOGEN RECEPTOR ANTAGONISTS 



BACKGROUND OF THE INVENTION 

This invention reiates to compounds for inhibiting the binding of fibrinogen to biood platelets, and for 

U^^e^ ^ jn the study of 

for the peptides is: 
H 2 N-(Ch)-Arg-Gly-Asp-(Cx)-H 

„h« Ch and Cxarc f£ m „ sequence of « 11.5 KM polypeptide 

described fragment is: 
H-Tyr-Aia-Val-Thr-Gly-Arg-Gly-Asp- 
Ser-Pro-Ala-Ser-Ser-Lys-Pro-lle- 
20 Ser-lle-Asn-Tyr-Arg-Thr-Glu-He- 

^Ruoslahti et a... U.S. Patent No. 4,578.079. describes simiiar tetrapeptides having Ser substituted with 
ThrorCys. pp.5985-5988. October 1984 describe 

speS^r^di^^ 

L its duplication «ffl> eynthetfc peptides establish the sequence Arg-Gly-Asp <RGD> ea the easenaa. 
the formation of a thrombus. The tetrapeptides have the formula: 

X f y " AS fL„ be H2NC( = NH)NH(CH2)nCH(Z)COOH or Ac-Arg, wherein Z = H. NH2. or NH-Acyl and 
where.n X can be H2NC( NH)NH(0^,no ^ , specifically defined formula. 

glycoprotein complex llb/Hla. 
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SUMMARY OF THE INVENTION 

Compounds of the present invention inhibit binding of fibrinogen to the platelet membrane glycoprotein 
complex llb/llla receptor and contain an amino acid sequence: 
XX:Gly-Asp 
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wherein XX is a synthetic alpha amino acid containing a linear side-chain. 

NH 

(CH 2 ) n — AA-=(CH 2 ) n '~N— C— NHR CD 

H 



10 



-(CH2)„-AA-(CH 2 )„ -NHR (ii) 
wherein: 
' 5 n is 1.2,3 or 4; 

ST^nSSS routed or .suited a^lmeth, or s^tituted 
or^s^d^Xl. Provided that in case (i). when AA is a single bond and R .s H, then n + n does 

20 ^ ZVcfmplds are surprising in view of the prior art which teaches that the sequence Arg-Gly-Asp 
Is required in order to achieve binding to the llb/llla receptor. receDtors The 

Preferred compounds of the invention are those having selectivity over other ntegnn JW**"- "» 
preferredTom^ those wherein XX is a synthetic alpha amino acd containing an am.no group 
25 linear side chain, as represented above by (ii). elKlrtlir ., 
The present invention is a fibrinogen receptor antagonist havmg the followng structure. 

-Z Z 
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XX-Gly-Asp 

wherein XX represents a synthetic a-amino acid as defined below and ZZ represents a sequence of 1. 2, 3. 
" 4 £^Z£E^ m ^ an amide bond with ZZ, and is defined as having a side chain X 

NH 
ft 

(CH 2 ) n — AA— (CH 2 ) n N— C— NHR (i) 

H 



° r CH2)„-AA-(CH2)„'-NHR pi) 
wherein: 
n is 1,2,3 or 4; 
is 2.3 or 4; 



55 



not equal 1,2, 3 or 4. 
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Preferably, when X is defined by (i). then n+n> 3. AA is a single bond and R is phenyl or benzyl. 
Preferably, when X is defined by (u). then n + n is 5, AA is a single bond and R is n. 
ZZ is defined as follows: 



w 



"-fc-SlyA.f.y 



(v 



15 A^fs h" acylamido. acylaminoacylamido. acylamino-N-methylamino-acylamido; 

R' and R ' are independently H. methyl, ethyl or a lower alkyl group .having , 1 to 5 carbons; 

X ? is S-S CH 2 -S S-CH 2 , CH 2 CH 2 . CH 2 . CH 2 CH 2 CH 2 , CH 2 -S-S, CH 2 -S-S-CH 2 . S-S-CH 2 , and 

E' I H COOH CONH 2 , CONHR 2 , CONR 3 R 4 , CH.OH.CO.HHSH, wherein R* is an alkyl group havrngl to 4 

carton atoms S h « alkyl group having 1 to 4 carbon atoms or NR 3 R* is a secondary ammo acd, or 

20 



25 



// 
N 



N-NH 



\ 
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or ZZ is 
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wherein: 

A is as defined above; 

R and R 1 are as defined above; 

X - Y is as defined above; 

JV?J «T2iSly -amino acid preferably selected from proline, * ^^'IX 
dimShylproline gamma-hydroxyproline, anhydroproline. thioproline, fi - methylthioprolme, fi fi - dimethyl- 
So2ne pipecolic acid, azetidine carboxylic acid and an N-methy. amino acd, or a D-or L- pnmary «- 

amino acid; and 

E is as defined above; 

or ZZ is 
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10 wherein: 

a' is as defined above; 
R and R' 1 are as defined above; 
X - Y' are as defined above; 
E is as defined above; 



E is as defined above; tryptophan, phenylalanine, leucine, valine, 



methyl; 
or ZZ is 

20 



25 



wherein 
30 A is as defined above; 

R and r' 1 are as defined above; 

x'-Y' is as defined above; 

C is as defined above; and 

E is as defined above. 
35 or ZZ is 
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a 9 ft' * A 
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wherein 

A is as defined above; 

R and R' 1 are as defined above; 

X-y' is as defined above; 

G; is^D-t^aZ; acid, secondary cyCic amino acid, or N-methyl amino acid; 
e' is as defined above; and 

R? ^t^ivLalsoisaii^ n receptor antagonist of the formu.a 
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f 8 f ' 

B-Q-C-C-Gly-Asp-NH-CH 

* X E' 

wherein: 

B represents zero, one or two substituted or unsubstituted ammo acids; 

Q represents H, NH, NH 2 or Ac-NH; 

l' represents a side chain of an amino acid defined by F ; 

E is as defined above; and 

X represents the side chain of amino acid XX as previously defined; 

provided that when B is zero substituted or unsubstituted amino acids, then Q is H, NH 2 or Ac-NH, and that 
when B is one or two substituted or unsubstituted amino acids, then Q is NH. 

Exemplary compounds of the invention are: 
Ac-(Arg(Ph))-Gly-Asp-Phe; 
Ac-(Arg(Bzl))-Gly-Asp-Phe; 
Aha-Gly-Asp-Phe; 
Aha-Gly-Asp-Trp; 



20 



Ac-C^TAsn-(DiMeT2l)-(honioLys)-Gly-Asp-Cys-0H; 
Ac-Cys-(DiMeT2l)-(homoLys)-Gly--Asp-Cys-0H; 



(GuaValA)-Giy-Asp-Phe; 
30 (GuaValA)-Gly-Asp-Trp; 
(GuaHexA)-Gly-Asp-Trp; 
(GuaHepA)-Gly-Asp-Trp; 
(7-AhepA)-Gly-Asp-Trp; 
<8-AoctA)-GIy-Asp-Trp; 
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H 2 N S^vv^Gly-Asp-Phe; 

^ \ 

Ac-Cys-(homoLys)-Gly-Asp-Cys-OH; 



10 
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Ac-Pen-<homoLys )-Gly-Asp-Cys-OH; 
Ac-Cy7-(Arg(Phenyl))-Gly-Asp-Cys-0H; 
Ac-Cys-(Arg(Benzyl))-Gly-Asp-Cys-OH ; 

> 

Ac-C^-(homoLys)-Gly-Asp-Trp-Cys-OH; 

Ac-Cy f s-(homoLys)-Gly-Asp-Trp-(N-MeCys ) -OH ; 

. ' — * 

Ac-Cys-Arg-(homoLys)-Gly-Asp-Cys-OH; 

- — — \ 

Ac-CyTchomoLys)-Gly-Asp-Trp-Pro-Cys-NH 2 ; 



c((7-AhepA)-(homoLys)-Gly-Asp-Trp-Pro); 
so C ((6-AhexA)-(homoLys)-Gly-Asp-Trp-Pro); 

c((7-AhepAHhomoLys)-Q!y-Asp-(beta-Nal)-Pro); 

c((7-AhepA)-(Arg(Phenyl))-Qly-Asp-Trp-Pro); 

c((7-AhepA)-(Arg(Benzyl))-G!y-Asp-Trp-Pro); 



35 r 



Ac-Cys-Asn-Pro-(homoLys)-Gly-Asp-Cys-OH; 
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Ac-P^n-Asn-(DiMeTzl)-(homoLys)-Gly-Asp-Cys-OH; 

■ \ 

Ac^CyVAsn-Pro-(Arg(Phenyl))-Gly-Asp-Cys-OH; 

- — . ■ "\ 

Ac-Cys-Asn-(DiMeT2l)-(Arg(Phenyl))-Gly-Asp-Cys-OH; 



Ac-Cy r rAsn-(DiMeT2l)-<Arg(Benzyl))-Gly-Asp.Cys-OH i and 



c(Aha-(homoLys)-G!y-Asp-Trp-Pro). 
55 The preferred compounds are: 
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Ac-Cys-Asn-(DiMet2l)-(homoLys)-Gly-Asp-Cys-0H; and 

cCAha-ChomoLys )-Gly-Asp-Trp-Pro> 

in addition to the common three letter abbreviations used to identify common amino acids, applicants 
have used the following abbreviation designations: 



10 



is 
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homoLys 


homo-lysine 


Aha, 7-AhepA 


7-aminoheptanoic acid 


Arg(Ph) 


phenylarginine 


Arg(Bzl) 


benzylarginine 


DiMeTzl 


dimethylthioproline 


AhexA 


6-aminohexanoic acid 


AoctA 


8-aminooctanoic acid 


GuaValA 


5-guanidovaleric acid 


GuaHexA 


6-guanidoxhexanoic acid 


GuaHepA 


7-guanidoheptanoic acid 


beta-Nal 


beta-naphthylalanine 
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The invention also includes compositions, comprising fibrinogen receptor 
present invention and one or more pharmacologically acceptable earners, e.g. saline at a P^^ lo 9'^ y 
ZSuTpH. e.g. 7.4, which are suitab.e for continuous intravenous or oral or mtravenous bolus 

a paint !«i!r by continuous intravenous or oral or intravenous bolus method, an effecfive amount of a 
composition of the present invention. 

DETAILED DESCRIPTION OF THE INVENTION 

Compounds of the invention are fibrinogen receptor antagonists which inhibit fibrinogen 

^0"^ the invention are specifically useful for prevenfing ^^^J* 

Synthesis of DL-homoLys is described, for example, in Payne. ^^^^Jl^^'f' ^ 
(1985) Guanylation procedures are described, for example, in Methods of Enzymology, 256.558 (1972). and 
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hydroxymethylph nylacetylamidom thylresin (PAM r sin). Th chlorom thylated polystyren ^sin is com- 
bed of fine beads (2070 microns in diameter) of a synthetic resin P'^* ^iZSaTd " a 
stvrene with 1 to 2 percent divinylbenzene. The benzene rings in the r s.n are chlorom thylat d .n a 
re^with chloromethy. methyl ether and stannic chiorlde. LT 
continued until the resin contains 0.5 to 5 mmoles of chlorine per gram of resin. After removal of the alpha- 
^ino protecting group, as by using trifluoroacetic acid in methylene chloride, the amino protected 
SativTJre^xt amino acid in the sequence is added atong with a condensation coupl-ng agen ch 
as dicyclohexylcarbodiimide. The remaining alpha-amino and side-chain-protected ammo acids are^ Jen 
coupled by condensation stepwise in the desired order to obtain an intermediate compound connected to 

Tht condensation between two amino acids, or an amino acid and a peptide or apepjdea^a 
oeotide can be carried out according to the usual condensation methods such as az.de method, mixed acid 
aTdridT method. DCC (dicyclohexyl-carbodiimide) method. BOP (benzotnazo e-1 -yloxytns 
(S yfamino) Pho phonium hexaf luorophosphate method, active ester method (p- nitropheny ester meth- 
od N-hydroxysuccinimido ester method, cyanomethyl ester method, etc.). Woodward reagent £ meftod 
S bony WiimWazol method, oxidation-reduction method. In the case of elongating the peptide chain in me 
soS ohase method the peptide is attached to an insoluble carrier at the C-term.nal am.no acid. For 
SISTSIS^ wSich react with the carboxy group of the Ctermina. amino acid to fonrn . .bond 
wnich is readily cleaved later, for example, halomethyl resin such as chloromethyl resin and bromomethyl 
Tesin hySoxymethyl resin, aminomethy. resin, benzhydrylamine resin, and t-a.kyloxycari.onylhydrazide 

reSin c^mm b o 8 n U to e chemical syntheses of peptides is the protection of the reactive side-chain groups of the 
various ^So ^moSeswith suitabte protecting groups at that site untl. the group is u^mately removed 
after the chain has been completely assembled. Also common is the protection of the alpha-am.no group on 
a amS acid or a fragment while mat entity reacts at the carboxyl group followed by the selective removal 
oiTllZ^^g group to allow subsequent reaction to take place atthat location Accord.ngly 
it ircommonThat as a step in the synthesis, an intermediate compound is produced whtch '"eludes each 
of he ZZ S Residues' located in the desired sequence in the peptide chain w,h njjnou. of these 
residues having side-chain protecting groups. These protecting groups are ^common* removed 
substantially at the same time so as to produce the desired resultant product followmg punf.cat.on. 

Z aSplfcable protective groups for protecting the alpha-and omega-side 
exemplified such as benzyloxycarbonyl (hereinafter abbreviated as Z). ison.cotinyloxycartjonyl JNOC) 0- 
S^vS^nyt [Z(2-CD1. p-nitrobenzyloxycarbonyl [Z(N0 2 )]. P -methoxybenzyloxycarbonyl [Z- 
S tioxycarbony. (Aoc). isobornyloxycarbonyl. adamantyloxycarbonyl. 2-(4- 
SXS&H^ (Bpoc).9-f.uoreny.methoxycarbonyl (Fmoc). memylsulfony ethoxycarbonyl 

X) Suo^oacetyl. phthalyl. formyl. 2-nitrophenylsu.phenyl (NPS). diphenylphosphinothioy. (Ppt). 

dimethylphosphinothioyl (Mpt) and the like. r „ r inhewl ester (Chx> 4- 

Protective oroups for carboxy group include, for example, benzyl ester (OBzl), cyclohexyl ester (cnx) «- 
nitrobenzSl ^(0^) t-butyl ester (OBut). 4-pyridylmethyl ester (OPic). and the like. It is desirable that 

aid he hydZ group in serine can be protected with benzyl, t-butyl. acetyl, tetrahydropyran^ etc^ 

Stewart and Young. "Solid Phase Peptide Synthesis:. Pierce Chemical Company. Rockford. IL (1984) 
P J^L ZLZ regarding procedures for preparing peptides. Protection of «-am,no groups -s 
described on pages 14-18. and side-chain blockage is described on pages 18-28.A table of protect ing 
grower hydroxy, and sulfhydry. functions is provided on pages 149-151. These descriptions are 

"""SK^ has been completed, the intermediate peptide is removed from 

the rZ support by treatment with a reag nt, such as liquid HF, which not only 
h esin but also cleav s all the r maining protecting groups from the side chain which do no nterfere .n 
he Si r aS Potentially reactive side chains functionalities ar protected with blocks groups 
which arable to HF. The peptides are cyclized by any one of several known P««^ J^.!^ 
id LubJe "The Peptides: Methods of Peptide Synthesis" Vol. I. Academic Press. New York (1965) pp. 
Sl-2« the contend of which are hereby incorporated by reference), e.g. by forming a disulfide bndge 
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between the cysteine residues using iodine in AcOH, or air oxidation at pH I 8 in dilute NH, JOJc 
polypeptide can then be purified by gel permeation chromatography followed by preparatve HPLC, as 
described in Rivier et al.. Peptides: Structure and Biological Function (1979) pp. 125-128. 



EXAMPLE 1 



^Synthesis of Ac-C vs(Pmb)-Asn.(DiMeT Z IWhomoLvs(Cb Z ))-eiyAsp(Bzl)-Cys (Pmb>0 Pam © and ultimately 
1 — Ac-Cys-Asn-(DiMeTzl)-(homoLys)-GlyAsp<;ys-OH 



Starting with 



15 



PMB 
I 

Boc-Cys-O-Pam 



, n resin, the alpha-amino Boc protecting group (tert-butylcarbonyl) is removed (while the Cys «fe-chain 
20 enSns protected by p-memylbenzy.) using trifluoroacetic acid and methylene chonde an he «- 
Protected cysteine neutralized with diisopropylethyl amine. Boc-protected Asp (benzyl) (Asp (Bzl)) s then 
coSTcySne mediated by dicyclohexyl-carbodiimide, and deprotected with trifluoroacetic ac.d and 
methylene chlorWe Asp is then neutralized with diisopropylethylamine. Following this stepwise procedure of 
™T with dicyclohexylcarbodiimide, deprotection with trifluoroacetic acid and methylene chlonde, and 
25 neuSzation with" diisopropylethylamine, Boc-protected Gly, homoLys(Cbz) DiMeTzl, Asn. Cys(Pmb) res,- 
dues are coupled in succession. The final Cys is then acetylated with acetic anhydr.de. 
Following acetylation, the following peptide-resin is formed: 

PMB Cb 2 BzlPMB 

Acetyl-Cys-Asn-(DiMeT Z l)-<homoLys)-Gly-A S p-Cys-0-Pam (T> 
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Cleavage of the peptide from the resin is achieved using HF/anisole (9:1 (v/v)) to form: 

Ac etyl-Cy s-Asn- <D iMeTzl ) - ( homoLy s ) -Gly-As p-Cy s -OH . 

A cyclic structure is formed by formation of a disulfide bridge between the cy s t ei "^ residu ^• T . h ! 
Ts ^solved in 50-80% AcOH:H 2 0 at room temperature, and the solution stirred during l rap.d add*on_ of a 
soluS of iodine in AcOH to a final concentration of 2.25 mg/ml of iodine After ^^J^^ 
excess h and AcOH are removed by rotary evaporation under vacuum and the aqueous solut.cn contammg 
the c7c pepTde ^purified using preparative HPLC in 0.1% TFA H 2 0-CH 3 CN gradient at wh.ch stage 
he MlZELL* are separated by conventional means. The final TFA salt product .s .converted 
to HOAc salt by passing through an ion exchange column BioRad AG3-X4A (acetate cycle). The f.n.shed 
peptide is: 

V 
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Acetyl-Cys-Asn-(DiMeTzl)-(homoLys)-Gly-Asp-Cys-OH. 

As an alternative to formation of the disulfide by iodine oxidation, the free SH peptide is dtoolved In 1- 
5% HOAc at a concentration of approximately 2 mg/ml and the solution is adjusted to approximately pH 7- 
8.5 with concentrated NH*OH. Cyclization is accomplished under brisk stimng , preferably with a smafi 
piece of copper wire add d to accelerate the reaction) during a penod of 1-4 hours at 25 . The reaction 
mixture is then concentrated as before and product purified by pr parative HPLG. 
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Compounds of the invention may be administered to patients where ,^00 of thront bos.s by 
inhibiting binding of fibrinog n to the platelet membran glycoprotein complex Mb ftMj 
Thev are useful in surgery on p ripheral arteries (arterial grafts, carotid endarterectomy) and .n oriWH 
2Z mXaflon of arteries and organs, and/or the interaction of platelets w-th artrfiaa^ 

surf^es leads to platelet aggregation and consumption. The aggregated platelets may form thromb. and 
thrombimb^H. Polypeptides of *e invention may be administered to these surgical patients to prevent the 

formation of thrombi and thromboemboli. hinnH 
Extracorporeal circulation is routinely used for cardiovascular surgery ,n order to oxygenate bk>o* 
Platelete adhere to surfaces of the extracorporeal circuit. Adhesion is dependent on the interaction be^een 
GpS/I a 1 the platelet membranes and fibrinogen adsorbed to the surface of the circu-t (Gluszko « al 
A^r" Phystol' 1987, 252:H. P p 615-621). Platelets released from artificial surfaces show ,m pai red 
nem^s^cluncton. Polypeptides of the invention may be administered to prevent adhes.on. 

S2 appSions oT these polypeptides inc.ude prevention of platetet thrombose *rom boembo^sm 
and reocclusion during and after thrombolytic therapy and prevention of platelet thrombose ttromboem 
SLTSw-i after angioplasty of coronary and other arteries and after _ coronary artery bypass 
nrocedures Polypeptides of the invention may also be used to prevent myocardial infarction 
^J^pSSSSS may be administered by any convenient means which wil. result .n its dehvery into 
the blood sfream ^substantial amount including continuous intravenous or bolus 

Smoositions of the invention include peptides of the invention and pharmacologically acceptable carriers, 
eTsate at a pH eve eg. 7.4. suitable for achieving inhibition of platelet aggregation. They may ^be 
ombtd '1 th P rombo.ytic g agents such as plasminogen activators or streptoknase „ „ d er te^brt 
niateiet aaareoation They may also be combined with anticoagulants such as heparin, aspinn or warfarin. 
P ZSi2ls presently contempiated as the preferred administration route. They are so.ub.e 
in water and may therefore be effectively administered in solution. 

Tone ^exempSry application, a suitable amount of peptide is intravenously administered to a heart 
attack Z™^wUiopW. Administration occurs during or several minutes pnor to ang.oplas* 
Z is amount sufficient to inhibit platelet aggregation, e.g. an amount which achieves a stead stoto 
pSma concentration of between about 0.05-30 uM per kilo, preferably between , ab out W urn pjrWj 
vVhen this amount is achieved, an infusion of between about 1-100 nM per kilo per n in preferably between 
Tout 10-30 nM per kilo per min. is maintained to inhibit platelet aggregation. Should the patient need to 

S surety that would be caused by other materials such as aspirin or monoclonal antibod.es, the 
effects of which last hours after cessation of administration. „ or ,« HoQ nf t h fi nresent 

The present invention also includes a pharmaceutical composition compr.s.ng PepMesd ^the presert 
invention and tissue type plasminogen activator or streptokinase. The invention excludes a method fo 
pZoting Trombo and preventing reocclusion is a patient which comprises adm,n,ster,ng to the patient 

an effective amount of compositions of the invention. ,«,,„-«„„ Wi tho sDirit or 

The oresent invention may be embodied in other specific forms wrthout departing from the sp.r.t or 
Tnus. the specific examples described above shou.d not be .nterpreted as 
limiting the scope of the present invention. 



45 Claims 

1. A fibrinogen receptor antagonist compound which comprises the sequence 

represents a synthetic alpha-amino acid containing a linear side chain defined as 

NH 
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il 

:C H 2 ) n —=^A— (CH 2 ) n N— C— NHR ( 1 ) 

H 
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or 

-(CH2)„-M-(CH 2 )n'-NHR (ii) 
wherein: 
n is 1,2,3 or 4; 
s n' is 2,3 or 4; 

AA is an oxygen atom, a sulfur atom, or a single bond; and 

R is H, Ci-6 alkyl, substituted or unsubstituted aryl. substituted or unsubstituted arylmethyl or substituted 
or unsubstituted cycloalkyl. provided that in case 0). when AA is a single bond and R is H, then n + n does 
not equal 1, 2. 3 or 4. 
10 2. A fibrinogen receptor antagonist of the formula: 

♦ Z Z 



15 

XX-Gly-Asp 

20 wherein XX represents a synthetic alpha-amino acid having a side chain containing a linear side chain 
defined as 

NH 

(CH 2 ) n — AA— <CH 2 V— N— C-^NHR (i) 

H 



or 

30 -(CH 2 )n-M-(CH 2 ) n '-NHR (ii) 
wherein: 
n is 1,2,3 or 4; 
n' is 2,3 or 4; 

AA is an oxygen atom, a sulfur atom, or a single bond; and 
35 R is H, Ci- 6 alkyl, substituted or unsubstituted aryl, substituted or unsubstituted arylmethyl or substituted 
or unsubstituted cycloalkyl, provided that in case (i), when AA is a single bond and R is H, then n + n does 
not equal 1,2, 3 or 4, 

and ZZ represents a sequence of 1, 2, 3 or 4 substituted or unsubstituted amino acids. 
3. A fibrinogen receptor antagonist compound of the formula: 



40 



HO I' 
B - Q - C - £ - Gly - Asp - NH - CH 



X 



E' 



46 



wherein B represents zero, one or two substituted or unsubstituted amino acids; Q represents H,NH,NH 2 , or 
Ac-NH; X represents an amino acid side chain defined as 



so NH 



53 



(I 

,( C H 2 ) n AA <CH 2 V N >C NHR (i) 

H 
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-(CH 2 ) n -M-(CH 2 )„ -NHR (i!) 
wherein: 
n is 1,2,3 or 4; 
5 n' is 2,3 or 4; 

a a k an oxvaen atom, a sulfur atom, or a single bond; and 

SVw TcT^ Tubstituted or unsubstituted aryl. substituted or unsubstituted arylmethyl or substituted 
or uns^dtctoatt provided that in case (i). when AA is a single bond and R is H. then n + n does 
not equal 1 , 2, 3 or 4, 
10 and 

l£Sm #* * « alkyl 9 roup having 1 to 4 carton «e™ S or NRK* is a secondary ammo aco. 0, 
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provided that when B is zero substituted or unsubstituted amino acids, then Q is H.NH 2 or Ac-NH, and that 

when 6 is one or two substituted or unsubstituted amino acids then Q is NH. 

4. A compound of claim 2 wherein ZZ is 1, 2, 3 or 4 amino acids according to formulas I. II. HI. IV or V. 
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B' is a D- or L- a-amino acid; . 

C' is a D- or L- secondary a-amino acid or a D- or L-primary ammo acid, 

G' isTi'oTf acid, secondary cyclic amino acid, or N-methyi amino acid; and 

R5 is H or methyl. 

5. A compound of claim 2 which is 



Ac«Cy Y ^Ain-(DiMeTzl)-(homoLys)-Gly-Asp-Cys-OH 



14 



EP 0 422 938 A1 

6. A compound of Claim 1 which is 

c(Aha-(homoLys)-Gly-Asp-Trp-Pro) . _ orY>rr , Q , nnmn risina a 

7. A composition for inhibiting fibrinogen-depend nt platelet aggregation in a mammal comprising a 
compound of claim 1 and a pharmaceutical^ acceptable carrier. fiu, !pirtrton 

s 8 The use of a compound of Claim 1 for the preparation of a medicament suitable for inhibiting fibrinogen 

binding to mammalian platelets. ^„r?ei«n a 

9. A composition for inhibiting flbrinogen-dependent platelet aggregation in a mammal compnsing a 
compound of claim 2 and a pharmaceutical acceptable carrier. fi w, irtArtan 

10. The use of a compound of Claim 2 for the preparation of a medicament suitable for inhibiting fibrinogen 
io binding to mammalian platelets. 
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